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The glass transition temperatures of poly dialkyl fumarates were 
measured by use of a glass dilatometer. The glass transition temp-
eratures of poly dialkyl fumarates are higher than those of the 
corresponding poly alkyl acrylates, and decrease with increase in 
the length of alkyl side chain. The coefficients of volume expansion 
of poly dialkyl fumarates above and below the glass transition 
temperature and the differences of both coefficients are smaller 
than those of the corresponding poly alkyl acrylates, and increase 
with increase in the length of side chain. The specific volumes 
at the glass transition temperature increase with increase in the 
length of side chain. 
The intra and intermolecular interactions of poly dialkyl fumarates 
are discussed on the basis of the Gibbs-DiMarzio theory. 
It is concluded that a decrease in chain flexibility and an 
increase in intermolecular energy raise the glass transition temp-
erature of poly dialkyl fumarate, and that the polymer chains of 
poly dialkyl fumarates at the glass transition temperature are 
packed togather more tightly than those of the corresponding poly 
alkyl acrylates 
Introduction 
Dialkyl fumarates are polymerizable with radical initiators~) However, 
no data on the physical and chemical properties of fumarate polymers have 
been reported. Poly dialkyl fumarates have two bulky side groups in the 
monomer unit, and are expected to show the properties different from those 
of poly alkyl acrylates. This work reports on a study of the glass tran-
sition temperatures of poly dialkyl fumarates. 
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2 Experimental 
Dialkyl fumarates were prepared from maleic anhydride, which was esteri-
ficated with primary alcohols in toluene at ]25 °c in the presence of small 
amount of concentrated sulfuric acid as a catalyst. Water produced during 
esterification was distilled out as the azeotropic mixture. Dialkyl maleat-
es obtained were isomerized into dialkyl fumarates with a trace of bromine 
as a catalyst under ultraviolet irradiation. Dimethyl fumarate was purified 
by recrystallization from methanol. Diethyl fumarate and di-n-propyl fumar-
ate were purified by fractional distillation under reduced pressure. 
Poly dimethyl fumarate was prepared by solution polymerization, which was 
carried out in dioxane at 75°C for 48 hr in a evaccuated sealed glass 
tube with 2% azobisisobutyronitrile as an initiator. Poly diethyl fumarate 
and poly di-n-propyl fumarate were prepared by bulk polymerization, which 
was carried out at 70°C for 48 hr with 0.]% benzoyl peroxide as an initi-
ator. Poly dialkyl fumarates dissolved in acetone were separated into 
several fractions by pouring precipitant into ]-3% polymer solution. Prec-
ipitants used for fractionation of poly dimethyl fumarate, poly diethyl 
fumarate and poly di-n-propyl fumarate are petroleum ether, petroleum 
benzine and water, respectively. Each fraction was dried in vaccuo. 
The intrinsic viscosities of each fraction were measured in acetone at 
30°C with an Ubbelohde viscometer. 
The glass transition temperature was measured by use of a glass dilato-
meter, where mercury was used as the confining liquid. 
The specific volumes of polymers were measured at 25 and 35°C with a 
pycnometer, and the values at the glass transition temperature were esti-
mated by use of the temperature gradients of specific volumes obtained 
from the dilatometric measurement. 
3 Results and Discussion 
The experimental results are summarized in Table]. Figure] shows that 
the glass transition temperatures of poly dialkyl fumarates decrease with 
increase in the length of side chain, and are higher than those of the 
corresponding poly alkyl acrylates. In the case of poly dimethyl fumarate 
the polymers with low molecular weight were obtained under the polymeri-
zation conditions employed. Therefore. the glass transition temperature 
Table] '!he glass transition terrperatures of poly dialkyl fumarates 
Intrinsic Glass Specific Coefficient of.thermal expansion 
polymer Fraction viscosi ty transition volume at glass rubbery difference 
at 30°C temperature T state state llS T ·llS 
dl/g °C 9 ]04 deg-] ]04 deg-] ]04 deg-] 9 ml/g 
Fumarate 
dimethyl ] 0.06 94.5 0.772 ].9 3.5 ].6 0.057 
2 0.06 88.0 0.77] ] .4 3.0 ] .6 0.056 
3 0.04 77.0 0.769 2.3 3.6 ] .3 0.046 
4 0.04 66.5 0.768 ] .5 2.6 ] . ] 0.037 
5 0.04 6].5 0.767 ] .3 2.6 ].3 0.044 
diethyl ] 0.34 ] 3.5 0.8]9 3.0 5.0 2.0 0.057 
2 0.28 ] 3.5 0.82] 3.0 5.0 2.0 0.057 
3 0.22 ] 3.5 0.8]9 3.0 5.0 2.0 0.057 
4 0.2] ]2.0 0.82] 3.4 5.9 2.5 0.070 
5 0.] 8 ]0.8 008:15 3.3 5.7 2.4 0.068 
6 O. ] 5 ]0.8 0.825 3.7 6.] 2.4 0.068 
di-n-propyl ] 0.22 -]5.0 0.86] 3.2 5.6 2.4 0.062 
2 0.]9 -]5.0 0.863 3.2 5.6 2.4 0.062 
3 0.]8 -]5.0 0.863 3.6 6. ] 2.5 0.065 
Acrylate 
methyl ] ]. ] 7 ]] .0 0.8]2 2.2 6.2 4.0 O. ]]2 
2 ] • ] 0 ]0.5 0.808 ] .6 6.0 4.4 0.] 25 
3 0.64 ]] .0 0.8]] ] .8 6.0 4.2 0.]] 8 
9 alb) O. ] 0] a) 
ethyl -24 b) 
n-propyl -44 c) c) 
n-butyl -49 c) 
. 2) 
a) Boter and Simha b) ShetterS) c) Karasz and MacKnight4 ) 
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increases with increase in molecul-
ar weight. The glass transition tem-
perature of poly dimethyl fumarate 
extrapolated to infinite molecular 
weight is estimated to be ]05 °C. 
The coefficients of cubic volume 
expansion above and below the glass 
transition temperature, and the 
differences of both coefficients 
(68) increase slightly wi th incr-
ease in the length of side chain 
(Fig. 2), and are smaller than 
those of the corresponding poly 
alkyl acrylates. The products of 
the glass tr.ansition temperature 
and the difference of volume expan.-
sion coefficients at the rubbery 
and glassy state(T oL\S) are almost 
g 
independent of the length of side 
chain, and are very small compared 
2) 
with those of vinyl polymers hav-
ing·the average value of 0.]] 3. It is 
suggested that the free volume frac-
tion of poly dialkyl fumarate at the 
glass transition temperature is near-
ly constant, but very small. 
The specific volumes at the glass 
transition temperature increase 
slightly with increase in the length 
of side chain, and are slightly low-
er than those of the corresponding 
poly alkyl acrylates. 
The cohesive energy densities of 
poly dialkyl fumarates measured by 
use of the viscosity methode 3) (Table 
2) decrease with increase in the 
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Fig. 2 Coefficients of thennal expansion 
and length of side chain in poly 
dialkyl fumarates 
length of side chain, and are higher 
than those of the correspondinf poly 
alkyl acrylates. Figure 3 shows that 
the glass tfansition temperature in-
creases with increase in the cohesi-
ve energy density. The results obt,a-
ined suggest that an increase in 
the intermolecular energy results in 
a slight decrease in the thermal 
expansivity, a slight decrease in 
the specific volume and an increase 
in the glass transition temperature. 
Poly dialkyl fumarates have two 
ester groups in the monomer unit. 
Therefore, the hindered rotation 
around carbon-carbon bond in the 
main chain reduces the chain flexi-
bility which influences on the glass 
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Fig. 3 Glass transition temperatures 
and cohesive energy densities 
of poly dialkyl fumarates 
transition temperature~) The stiffness energies(intramolecular energies) 
and the intermolecular energies of poly dialkyl furnarates were estimated 
by use of the Gibbs-DiMarzio theory4~ where the coordination number was 
assumed to be four. Table 2 shows that the stiffness energies and the 
Table 2 Stiffness energies and interrrolecular energies of 
poly dialkyl funarates 
Polymer T '66 g 
fumarate 
dimethyl 0.057 
diethyl 0.057 
di-n-propyl 0.062 
acrylate 
methyl o. ]]2 
0.)0) 
ethyl 
n-propyl 
a) Lee and Sewel16 ) 
Hole volume 
fraction 
0.0]6 
0.0]6 
0.0]8 
0.035 
0.03) 
Stiffness Intennole cular Cohesive energy 
energy energy density 
kcal/mol.segment kcal/mol,segment callcc 
1.54 1.08 
].20 0.84 
).Ojl 0.73 
].26 0.66 
).23 0.68 
)2) 
96 
85 
))4 
)02 94.]~)88.4a) 
8) a) 
99 
100 
intermolecular energies of poly dialkyl fumarates decrease with increase 
in the length of side chain, and are higher than those of the correspond-
ing poly alkyl acrylates. The ratio of the stiffness energy to the inter-
molecular energy of poly dialkyl fumarates is ].43-].49 almost independ-
ent of the length of side chain, and is smaller than that of poly methyl-
acrylate(].8]-].9]). These results suggest that the internal rotation of 
main chain of poly dialkyl fumarate is considerably hindered by the side 
chain groups as expected from the chemical structure, and that both the 
intra and intermolecular interaction are responsible for the glass tran-
sition temperature of poly dialkyl fumarate, compared with that of poly 
alkyl acrylate. 
The hole volume fractions of poly dialkyl fumarates at the glass tran-
sition temperature are almost independent of the length of side chain, 
and are smaller ti1an those of the corresponding poly alkyl acrylates. The 
smaller free volume fractions and the higher densities of poly dialkyl 
fumarates at the glass transition temperature suggest that the rigid 
chains of poly dialkyl fumarates are packed togather more tightly than 
the flexible chains of poly alkyl acrylates. 
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